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CttflFlfcltoaH] 

[»*Hil ^ii^'Ja^l. y-MMM*, y- 

Jlte^ilRv 'J 3 >1 K U— tfJfcfcRMfr* ^ £ It £o 
T#8«fc*ftfc*«h5>S>**'fc*V»T, 

&*. flEtt. S*. **. **'>a9AO*ft*ncI 

##1X1 0 12 aioias/cm 2 &>T£tzr>T^Z>Z.£$:®m 

*»ne©/ , «*->fcai"raist. area tutsan 
fc*5^T. S'Unxi&ssjft-raxgfc, m~>u=i>m 20 

lz tf^*»WT5 £ t \Z J; o Til8fiJ$«** W4H6 

-taxai. y-M6wit*»rt-r*xa4:*«A. 

IW2lftlia6*»4±B'ftX8* J: «±e*XSIB fctofc t> 

[»*JS4] !6lfcl6«±fc>'Ua>H*»J«-r*«rX 
gtLT. Kfcft£&±CllM&fflt&&J*-f«xa£ 

c©ie«ttt***#rt-rsxa*±tf*<0>' , j3 

>jg*^j*-r-6xscsswct>fcoTj(^«i : >Tffla$ 50 

ft*££*1*«£TS«**2*SV»«3B*©*Mh 

CiiNfS5] v->j3>H43fjtCD/^^->tiPX-rS 
*4*«4r*>l*R 2 £3 <r>« 3 gB«©»$[ h 7 

i. K>"j3>iife0f3£o^^->K:lnx-r**t. tt 
-> ij n >lic u— ifjtftawr « c t C J: o TiSSJIljfcg 

z. ft s t s««8i££te®ji-e * -5 J: 5 \zmat s nr 

«l«***tW4||*fl:T*ai. ttS"'J=i>JlS»rJfc© 

/t^-^caoi-rsst, y- Me«Bis#j*r*S£ 

*». ^ft^ft*«&&g£:frLTl©;fcfti&£ft, do. 
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2 

t*^»-c. y-neiitts»j«r*xai. ->un>g 

T*dtC«kt3T«ftJ«fi»«^ttttftft:T*xai:. 
WE»IMI*tt±B*xa*± ±B#xamic*>fc z> 
^oaaWTft. 

k$jv»t. y-hie*«£#dt-r%xai. ->un>i 

ciiK:J:raTiB*«***t»tttl*fl:-r*xei. 

ij3>»*Bf3eo^*->KjpxT*xafc. v-x*3 
.ko: k k >«**»rirraxa£*a*., 
«iBife»ai«»4±e#xa*J:tf±e#xanfctefc-3 

m^Qi i o ] «fi»sffi± k y- h tfiiun * mmr « 

©A^->tjpx-r4St. 9ffsnfc->ij3>'gi:i/ 

*». ^ft-?ft*«JeiH^S^bTJg^MI9:$ft. 

iifts^astattaKai^ttiteTr**^:^ i:i^snt 

tffi^ii] «»»«±K:y-hlftlH(lft»js)tr* 

D-'^^MM-T^ C i K J:t> Ttt*fifc*** t»»4* JMtf 

-S^i. K->U3>@S:3Tg»/'?^->(rJ)DX-r^)^<t 

*». ^-n-tftasaaasae^i/Ta^sfciftSft. 

cn?.sst sisaijiaisaff « <fc o \zm& a nx 

c«*jsi2] •>vzj>m&ffife<D/'<i?—>iziax-r 
crisis] ->un>a?rfr^o/'?^->(xttix-r 

9 © 5 % lr»fn*BtOWI h 5 >->*X ^ ©Stifi^ft. 

[«*^ 1 4] ift»a«±K'>ij =1 >n £«rss 

t. K->U3>HSrfi)fit©/'1^->lCJ!)IlXL. ^O, g 

-f-ft-fftasaittaaE^ixTjHjfcatRSft. 
c ft 6 t saaaaiHttjE-c * * <t -5 c «bx $ nx 

cs^i 5] ift»**±fcy-hift«»ts#jdt-r*3[ 



(3) 

3 

t s«J&iH^«i«JE-e s ± 5 c $ nx 

«fT4J»it h 5 > v**©S[j£7m> 
[0 0 0 1] 

[fgf3©JBlT£&flS#l?] *Rilltt£ft£K±£&ft& 

[0 0 0 2] 20 
[S£3S©&fl5] fi£*. ««S«±K*iS»ll©S''J3> 

&#5:*»«©ttfli*^«£TS*S**«*tK Solid St 
ate Technol.'97 May P15Hrag.-5.t3C :/n-feX©* 
SM**4 5 o-C^Tfc«ix.sc:i^±®KSTabo 
1t. 

[0 0 0 3] C©£», *5^I£«±K#»K5"J3> 
[0 0 0 4] 

[JEW^HRbiiitSMi] L*»U ±f2tS*ft^ 
TttJMH«»!©IHIHa**S. 

[0 0 0 5] fci^Lti, h-^y-Slc^y'J^ 

«i**3»»i«-r**<. com, isstt^u-^-A* 40 
ty- Mftiw©iiiioiWiiA««jftsn*wii*»**. 

[0 0 0 6] HEPA7-fMt©#D> (B) 
(IDW 9 6 P2 5) . Ilh7>y7^©ft^ 

[0 0 0 7] S^C. *IS»-> , J3>'««h9>^^ 

IDW 9 6 P9 3T«lft*ftTU*J:5 50 
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[0 0 0 8] **W4#hAy-hSO#«Syij3> 

fii;:J:£^»«&T©ra)Brt*c&D, *ii*tft>*;t 
[0 0 0 9] #»i|iitt£©<k5&¥«K8:3uTte<*ft 

SfteftsftfcWJKh^^^^swactK:**. 

[0 0 10] 

[■M£*ft-r*fc«>©*ft] **!)!© U-1f7x-JU 

[0 0 11] M^HtifiltC^U^OtXTS 

JHBK:aSLa:^'b©"T?*D. tt* (C) , Kit 
(S) , &m (N) . tt* (O) , *JW>7A (Ca) 

©#ffi?g& SrfiM V fc <& ©T a& -5 . 
[0 0 12] -rat)*. *6&S«Jt©->Un>«|£x* 

fi©MKF5>5>;***ifiK:*-3Ttt, *£&a«_klc-> 

[0 0 13] >-Ua>l)ltBr£©»ttlclpi-ra 
Ifi**. ■*©*HJV$ r 5 7*ftK:J:&"**. If 7 

[0 0 14] y-M6Hfflt±©>'U3>it*x* 

«i*»<fi-r*#hAy-Na!©*iih5>s?x^«iftc 
igt, 5/<jn>it*Bf3e©»tti=ipi"r*iat. •> 

<fc. £ft£tt<3>**h««K*&tt^*>*;P«« 

■sMtsii*. *ks*»+k:w0 arrets: 



5 

[0 0 15] «ftii*«±lC>'U 3 

h 'J V ^5 7 W ± 0 f^O^tttrAOX Lfc<£> 
ft. «*«H»+*fctt* 4 />»H*+»wT. ->'J3> 

[0 0 16] 

mwnmmvBmi hi. 02. 831:^1. *r 

[0 0 17] Bl tt7*n-fe^7D— B2&H1 
©7^3*X7Ci-K:J: OffrfcSft* h y TV- hM&m 
»J n >»R h 5 > 9 OBffi»fB0-Cfe-5 . 

[0 0 1 83 St". ^7XS«i±i:cvdSI;ts i 
0 2 M€r 1 0 0 nm©WS-C*»WJ*U T*EftlS«B5 

[0 0 19] -P^T*. 7*5;CVCVDttfcT*K«*3 
5 0'CT#ifcje>'U3>J83£r6 OnmOISJtsSIt 

3 > i^re. ^fr * t z 5 tt&n. 

[0 0 2 0] -3^T-. USSftSrcSKSWafcU ft 
42 4 8nm0Kr Fl+v7U- *fmzXTWW<D# 

8anx-e<&*. 

[0 0 2 1] O^t?. KSgSiKS-n:. tfi3 0 8 nm 
OXeCl !f£5 0ns C/^ftL, 

&W-TffV», Iffll:2 0 0mJ/cm 2 Oi^Mt?# 
^K->U3>M(Ci^l 0%^*tiS7lc^*JM^xL3% 
£TF£L. 2@SOBaWT?«, 3 00mJ/cm 2 ©l 
*;P*T?-> 'J 3 ^fltSrSSHftt) b < tttt»j«fiS'ttT. 
&S2 5 0 nm©£jBft>'ij3>|g£»5. d^T. * 
S»xU3>I©tIS^5XYCVDi£Tlte<, L 
PCVDSTMLm. 'J n 

A/ 3n&v»a*. cci^, 
[0022] out?. *2«*srK:stRe*a!u 7* 

7>CvCVDi£CT£«ffl&3 0 0X:-CS i 0 2 ffil£l 
5 0nm»j«by-Mft»il5t-ra. -r&t>ft, f- 

h&mm 5 «^ u 3 >b? 3 co^® *7c»f-@-r £ & < 

[0 0 2 3] O^T. 7^5 — -? A (A 1 ) S2 00 n 
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[0 0 2 4] XJI/5-?A (Al) 0>(£ISt&. 
HJ7if57-f8aSfc«fcD. (A 1 ) ty 

*. 7;P5 = 9i. (Al) tty-hfHI6fcfcS. 

[0 0 2 5] RWftB— V^^t«l;D. y'Jn> 

M3IC!JnX7-C> (PH3) SJIWitS-ft^^ 

[0 0 2 6] O^T. ^7XVCVDfti;±D, 30 0 
/0 nm©^rt:->U3>ffi (SiN) «akttJIMIftRat7 ^ 

U 7;i/S-^A (Al) Mlc:J;oT«£ 3 0 0 nm© 
h*W"f>*ffi8£«SfSU Tk^^X^-cy^XvmSL 

t^ssss*. ^^s->u3>ga©*Mh5>v f 7. 

[0 0 2 7] H3». iffiyntxt, #M'>'J3> 
■tO»)**>6y-Mft««<0»J«*-CO7'D-feX*. £ 

[0 0 2 8] D-FD-y?^9<DJt£n# 
20 y h 1 1 #S1£1 3 *^:^6iS:ffiF«3lcmO^. 

<dx£K&3i 2<dm&u#v h 1 1 s«t. mmm\z 

\t7>u- K^l 0d^#m*ti*. ■ : £-cDj&4>cD7'n-fc 
X^Kte. S-r^SKv-'J3»K*fi£IS-r5 7*7X-7C 
VDf 1 4ri*&-5. 

[0029] mmmm.m.1 9£<onsmmmmi s\zmm 

**2J*{IW&U T^X^SrigCU ^77SS131 

[0 0 3 0] II13tt, M&MS&mi 2©X£D#y 
hi IK J: 9, X+vVU— tflmiSl 5fcfMttl*. 
30 Kr FX+J/7U- *f%M2 OlCiO, #S.lf->>j3> 

[0 0 3 1] X£J&j£^l 2 0SSD#-y h 1 

l(C<fc»D. g&l 3$I*->7U- tfT^-^l 6(r 
XeC tfT*aH->'J3»R© 

[0 0 3 2] ^»liT. X^SSit^l 2<Oj!E^DJi?y h 1 
lfCfctJ. *«1 3Sy7XVCVDil 7(C#«EL. 

^Sti^SKc. AjqftffSi 9fc«fc0jMiaMtSi 8i: 

[0 0 3 3] i^l3lt 7>n-F^l 0^e.7v^t> 
[0 0 3 4] Ui±ili^7'D-tXi3i^SHT«. x'J 

^5 7^xsic^-rctt)^ufc*. (o . Bsn 

(S) . S?g (N) . mm (O) , #^->*A (Ca) 
50 Ofn-fn©MlS2: 1 X 1 0 12 atoms/cm 2 &TtP 
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[0 0 3 5] &*3. tf^XSSl-hlCCVDffiClTS i 
0 2 BI£ 1 0 0 nm©»$tSfML. T®$>>1&WlVj 

[0 0 3 6] A'7 7 7l2 ©*fefiU&<Z>l&M£->U 

h^^x^&te*^ Strut's. cwT'a 

t^7D- *04(C^t". 

[0 0 3 7] m<l<tbT«. B3 07*7XVCVDI-C 
S i 0 2 Ki#aK'>'J=i>IKS:^fi£K-r^^. S i 
O 2 tt ffl W 7 7 X V C V D S £ t| 3 &g # & 5 . 

[0 0 3 8] ^ai->'j3>l©l/- tfTZfU— 

ttJB#**a»Tt>J:^. H 5 IC0 1 iBS&5IS7n- 
*jR-f. ^fiifflKfci. 0 3©i&<iTx+->vw-ifi)ni 
^ 1 5 tl^y? I/— tf Tn-;b^ 1 6 SAnti^fc' 

[0 0 3 9] v"ja>Kro®tt*»i-r*xai: 

[0 0 4 0] K r FI+vYU- tf3tjg2 1 A^fflfcl/ 
— ifJt^vXi' 2 2£>IU 5$W>X2 3T'S«13 

[0 0 4 1] CCT, U— tfT^U— ->3 XCk-S^ft 

u =i >Bl©&ifHt:-e«. w— »f3tox*;p*-««»«3^ 

6.Sc+«ft?5:-50Tr> 2 2 CDgjts¥S£>igUfHl:2 

51:, 8ift^j&*l/5 — >2 4£J3S^T:fc 

<, ;i^->2 4^a«tcs^^nst, cc-cttu- 

if)tcox^;P^-^/h$<. 2 5 0mJ/cm 2 iSf: 

— tf Jttt*ft* v U3>I*77"k-y3> UT. > 'J 
[0 0 4 2] *£. 08«02 t&frZ>i'V3>m<D& 
[0 0 4 3] d^Tti. ->>Jn>Sg€r'f^->tf-i a ,feC 

[0 0 4 4] -f ^->®2 y^eitb^^'JUXO-f 

A ^ - > gflni-r 5 OT $> 2> . 

[0 0 4 5] ^>€IC. HAy-hS^iKSv'U 

n h ? y i>7. 9 tzmm l ft y a-t x y n-nmm 
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[0 0 4 6] £-f, ^7Xl«l±l:i'OAl2 0 0n 

[0 0 4 7] 7"7XTCVDffi{wT*SSS3 5 

OtTS iO2l5$2 0 0nm©*$T'. MI'/'J 
n>l3$15 0nm©USt, SfcNlOy'JnvK 
4*10 nmC0>PSTji^l^"r-5. 

[0 0 4 8] OIaT, X££«e-rc:S«S:i82!U $ 
/0 «2 4 8 nm©K r FI+-/71/- ifTtlCT^ggfl©* 

[0 0 4 9] -^I^T. X^*JS€>"f^. ft!3 0 8nm 
©XeC 1 1+^1/- tfSr 5 0 n sC/tJW^iL, 

•5. 

[0 0 5 0] K^*ffl[e»-rtC*«*JS)llb. 7 

M-^A (Al) $2 0 0 nmMt5. em^te 
* *SUcarr n i \z & * . 

[0 0 5 1] 7;P5 X -7 A (A 1 ) £>fi£K&, ffi^W* 
20 MJV^77^ftiC±0, TJP5X0A (Al) <tN 
MWv'J 3>l&4£|^ — 77?TA^-->^t5. £ 
©t*7JP5^9A (Al) ttF W>««8fc:&*. 

[0 0 5 2] OV^T*, X^XTCVDfetCtO, 300 
nm©^<t:->U3»K (S i N) g*$&Si&2 

[0 0 5 3] £t±i3i'<fcXa-feX*5«fc^SBT«, y'J 

[0 0 5 4] offir. 01 i*J;^0 1 2«, 0 9*5J; 
ytil 0 hAy-hffl*«*>'U 3 

[0 0 5 5] ^7Xl«l±t:^nAIS2 00n 

«6£Jgfi£T5. 
[0 0 5 6] ^5XvCVDffitCTa«Sa3 5 

40 OtT'S iO 2 l5*2 0 0nm©I$f. #!Sy'J 
3>|&3£6 0 

[0 0 5 7] O^-C. K^S-?Ke.-f ir. SE*3 0 8nm 
©XeCl I+->71/- If* 5 0 nm<ZVt;i/>;7£<>:U 
Mix "J 3 X&fcj&fcfU -> U n >M£^*SiS{fc-r 
•5. 

[0058] ^^-c, Kat«6rca«*»jafcu. ? 

5XvCVDffitCJ;0. 5 0nmWg{ty'J3>I (S 
50 [0 0 5 9] £-f\ jl«©*hUy^57^ft(C«fc0. 
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g{Lv'U3>l& (S i N) &JWXU ^-f >*Jl/««ffil ' 

n>©— gR^NSKLT, ^J>?>7 b 4\Z?&o 

(Al) Sr2 0 0 nmfi)cKU il^W 

[0 0 6 0] £A±ifi^fcya-feX*3J:y:SMT«. ->U 

fg, int. s*. tuns vL.<D&*<DRmm& : & 

IX 1 0 12 atoms/cm 2 £TFl::fflA-5£<i#T-£< 

[0061] sr, z.n^.-Q<D%mm\tt^.x^m^ 
ofc* 5 . ii3. gH, ai5*ffiot, nn^as 

[0 0 6 2] #?X««1±KS i 0 2 BI£ 1 0 20 

0nm©JP3"Cttt»J*U yff&y>)tlLWLPjlk<Dtzl£>Ort 

[0 0 6 3] y7X-7CVDai:T!ISfll3 
5 0t-CMS-> , J3>lfi3S6 0 nm©JS£TflM-f 

.5. mi n^mmtmti'o, z\z.T~m#i.&±%. f p\zmQ 
m-t. 

[0 0 6 4] Ot,iT, yUn^SJDltS^, St«2 
4 8 nmOKrFX^y'7l/-t) ! 3tCi5l'-y ! 7^l/ 

[0 0 6 5] -P^T, S«*:*-l/>3MMl t t , T?S*2 4 
8 nm©K r FX+x^U—lf^SfcttffitS 3 0 8 nm 
©Xe C 1 tftiO, ->>Jn>M37&^© 

[0 0 6 6] ^V>#H^«» SI 5©S«»^St-^ 

•r«t5i'. ^^>^34^e.s^i ooc com^x 

X£f#T, cn*««Sfe«C«SB 3 3T:t\/>#;U~£ 

[0 0 6 7] May'Ja>©SIttIIl c f , ^S 
4XT*0. &tm (O ^ffiM (S) t^o&^**««!ft 

tt, $i)5~10 nmoaH&!*1UBMbK3 1 tc^tf 

->U n>K©rtS5('^$n-5 citric 5. 
[0 0 6 8] H©ai«*{tai3 1«. * 4 />*H 
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[oo6 9] &*s, *>j>nmn.-?\$-&<mm&®%.-z 
[0070] ->ua>ii©*s^t7>i<t-r5 

[0 0 7 1] $T, ^ifiv'Jn^cM^Ii:!^ 

5CfSlEimi4®^DtXtt, .01O«^t|?|— &© 

01O7'Dt^iB«OM4 { »?«nS. 
[0 0 7 2] 

*:<Dmip$>tt&%.\ztj.2>v , g^mM&.o>'7 b-p*> 

Mfc©ffiT£^ofc*«lte**HHT?S6J:3fcfc*. 

[0ffi©ffl*^ClftW] 

[01] S>y7 p y-h^Wth7>> ? X^©^ii*iaX© 
— 7 n - Bit?* £ « 
[02] h y H 5 >-^X?0-*l«S 

[0 3] -> U n >K©fiXIiiraX— Smfii©— Hffi^J^r^ 

[0 4] by^y- hMSHKh5>vX^©S^DX© 

[0 5] h -y hSiM h7 >^X^OgMI«) 

[0 6] -> U =i >K©^MiOX— WI8:il©(fi©^M^J«: 

[07] x.^-'>-7u--*fmxt7=.-^taj:^m^zm 

[08] ^•1'^>hf-AJC«tS->U=l>IK^fiK*^-r 

[09] #hAy-h^^h5>v^^©a^D3:© 

— SSJfiM £ ^ 7 □ - 0 T? * £ o 
[010] tfhAy-bSiSBIh^vX*©— 
£aVfgffl5Sr®0-e<&£. 

[01 1] #b&?-hM»mby>i;z?<Dmwimj: 

[012] tfhAy-hS&Mb^-^X^cDte©^ 

#J Sr^f gSPBrffi0 t? & * . 

[013] 5/U3>||lffi**l/>Kftbfc»tth5>^ 
[014] ->'J3>#ffi4^V>^t:bfcSIKb7>> J 

x ^ <d— mmm £5;-r®gR»r b0t?& 

[015] ->'j3>©*£S<t<fc#W»«<t£fTe>gK© 
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1 2 7>^-3-HM* 3' 

IS»>"J3>BI, 4 n>^i7 hffl->'Jn>K, 

-y-MftWB, 6 7 , 

BS. 8 KU-f>iI. 9 a-ym. 10 7 

>D-^g, 11 X£fflS&3ln#>.y K 12 a 

ISMjH^. 13 »«. 14 ^7X7CVDS, 

1 5 X+vVl^-ifSPI^. 1 6 X+-/7I/- 

■•77=- JP*. 17 ^7X-7CVDi, 18 AS 
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19 H5J32fc«i®. 2 0 KrFl+x 

•7U-if3tS. 2 1 XeC 1 tfftSL 

22 u— y'inxfflvx^, 2 3 u— tf*mu> 

x. 24 v— fm^7.tf<nmmn9—y. 25 

U-tffllVX 2 6 U— tf3t©3ttt. 

2 7 -f*>H-A«. 2 8 -f*>tr-i»tt«U 

>X, 2 9 *#MKHK. 3 0 ?*>*)\sUm. 

R. 3 1 *«ft->ya>©a*fflMfcDI. 32 * 

r/>«£8«. 33 nm&nmmm. 34 &m 

10 #>^. 
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